analysis with a specific probe on a small number of cases suggested low expression of HA in gastric carcinoma cells (Wang et al, 1996) .
As far as the authors are aware, there are no studies concerning the relation between HA expression and tumour spread or survival in gastric cancer, whereas several studies suggest that the HA receptor CD44 is associated with invasion and prognosis (Hong et al, 1995; Streit et al, 1996; MŸller et al, 1997) . The aim of the present study was to assess HA expression in gastric adenocarcinomas in a large cohort, consisting of 215 patients, and to study the association between HA expression and clinical and histopathological characteristics of the tumours. In addition, the prognostic significance of HA expression was evaluated in a longterm follow-up.
PATIENTS AND METHODS

Patients
The study was based on 215 patients diagnosed and treated for primary gastric cancer at Kuopio University Hospital between 1976 and 1988, and followed up until 1993. The clinical data were obtained from the patient records. The location and size of the tumour as well as the status of the regional lymph nodes and other intra-abdominal organs were registered as described on gastroscopy, at operation and in examination of the resected stomach (UICC, 1987) . All patients were operated on, a total gastrectomy was performed in 96 cases (45%), a subtotal gastrectomy in 77 cases (36%) and a gastric resection in 41 cases (19%) . One patient underwent only an explorative laparotomy. Additional treatment, such as radiation therapy or chemotherapy was given to 11 patients. The causes of death were obtained from the patient records and from the files of the Finnish Cancer Registry and General Statistical Office in Finland.
Histological methods
The tumour samples were routinely fixed in 10% buffered formalin and embedded in paraffin. Several original sections from each of the primary tumours were re-examined and the most representative tissue block was selected, cut at 5-µm thickness and stained in haematoxylin and eosin (HE). The tumours were classified according to LaurŽn as diffuse, intestinal, mixed or unclassified (LaurŽn, 1965) . All tumours except those of the diffuse type were graded as well differentiated (grade I), moderately differentiated (grade II) or poorly differentiated (grade III). The depth of tumour invasion (UICC, 1987) and invasion into the walls of veins, arteries and lymphatics, or into the perineural space was registered in all samples which contained the full thickness of gastric wall and graded as weak (+), moderate (++) or strong (+++) (SetŠlŠ et al, 1996) . The infiltration of lymphocytes and plasma cells (TIL, tissue infiltrating lymphocytes) was estimated, avoiding ulcerated or necrotic areas, and graded as weak, moderate or strong.
Preparation of the biotinylated HA probe
The biotinylated hyaluronan binding complex (bHABC) was prepared from bovine articular cartilage as described previously (Wang et al, 1992; Tammi et al, 1994a) . This probe contains the biotinylated HA-binding G1 fragment of aggrecan and link protein, which stabilizes the ternary complex with HA. Polyacrylamide gel electrophoresis of the probe showed only bands corresponding to the HA-binding region of aggrecan and link protein. The 5-µm-thick sections of the samples were deparaffinized in xylene and rehydrated in graded alcohols, followed by washing in 0.1 M sodium phosphate buffer (PB), pH 7.4. The endogenous peroxidase activity was blocked by washing the slides with 0.3% hydrogen peroxide for 3 min and the non-specific binding by incubation with 1% bovine serum albumin (BSA) in PB for 30 min. The sections were then incubated overnight with the bHABC (5 µg ml Ð1 , diluted in 1% BSA) at 4¡C, washed with PB and treated with avidinÐbiotinÐperoxidase (Vector, Irvine, CA, USA; 1:200 dilution) for 1 h at room temperature. After washes in PB, the slides were incubated for 5 min in 0.05% 3,3′-diaminobenzidine (Sigma, St Louis, MC, USA) and 0.03% hydrogen peroxide in PB at room temperature. After the washes, the sections were counterstained and mounted in Depex.
Staining specificity was controlled by predigesting the sections with Streptomyces hyaluronidase (Seikagagu, Tokyo, 100 TRU ml Ð1 in 0.1 M sodium acetate buffer, pH 5.0, for 3 h) in the presence of protease inhibitors (Tammi et al, 1994b) and preincubating the bHABC probe with hyaluronan oligosaccharides (Ripellino et al, 1985) . No staining was observed in hyaluronidase or oligosaccharide control sections ( Figure 1E ).
Assessment of HA staining
All samples were analysed by a pathologist (VMK) without knowledge of other clinical or histological data. The staining intensity in the tumour parenchyma and in the stroma around and inside the malignant areas was registered as absent (Ð), weak (+), moderate (++) or strong (+++) from the most representative tissue section, using the ÔnormalÕ weak staining of the stroma as an internal positive control (Figure 1 ). The percentage of HA-positive tumour cells of all neoplastic cells in the section was also estimated. The fraction of positive tumour cells was primarily analysed semiquantitatively in a continuous scale, but, for statistical calculations, the percentage of tumours cells positive for HA was categorized as seen in Table 2 : 0%, <30% and ³ 30%.
Statistical analysis
In basic statistical calculations, the SPSS-X program was used in an IBM computer. Frequency distributions were tested by the chisquared test and YateÕs correction was applied when appropriate.
The differences between the means of continuous variables were tested by analysis of variance. The univariate survival analysis (log rank analysis, SPSS-X) was based on the life-table method with the statistics of Gehan (Kaplan and Meier, 1958) . Multivariate survival analysis (Cox model, Cox, 1972) was carried out with the SPSS-X program package in a stepwise manner, and continuous variables were used as absolute numbers in this analysis. Enter and removal limits were P ² 0.05 and > 0.10 respectively.
RESULTS
Of the 215 patients, 125 were men and 90 women. The mean age of the patients at the time of diagnosis was 66 years (s.d. 12, range 23Ð89) and the mean follow-up time 10 years (range 4Ð17). The clinicopathological characteristics of the patients are presented in Table 1 . The expression of HA in the non-neoplastic mucosa in the close vicinity of the tumours was either totally negative or weakly positive. In all cases, the stromal tissue was HA positive (Table 2) . Some cases of diffuse-type cancer required careful examination because the neoplastic cells were scattered among the strongly stained stromal tissue, making the evaluation rather difficult. The expression of HA in the tumour parenchyma is summarized in Table 2 . In only 15 carcinomas, the parenchyma was totally HA negative, and most of the tumours (79%) showed moderate or strong staining intensity of the neoplastic cells. The different positive staining patterns are illustrated in Figure 1 .
The staining intensity of the peritumoral stroma was not associated with any of the examined clinical or histopathological features, except for the fraction of stained cells in the tumour (P<0.0001) and the staining intensity of the tumour parenchyma (P< 0.0001)
The staining intensity in the tumour parenchyma was significantly related to pT, as the staining was more intense in deeply penetrating tumours (Table 3) . However, no significant association was found between staining intensity and pN or M. Strong staining, as well as negative staining, was more often found among the diffuse-type tumours, whereas the weakly stained tumours were usually of the intestinal type (Table 3) . Moderate or strong staining intensity showed a strong association with poorly differentiated tumours of the intestinal type.
The fraction of HA-stained tumour cells was significantly associated with the depth of invasion, the presence of nodal metastases and lymphatic invasion, as well as with differentiation grade as shown in Table 4 . HA expression was most frequent in the mixed type of cancer, however without statistical significance. The fraction of HA-positive cells was not significantly related to tumour location, distant metastasis, vascular or perineural invasion or TIL (data not shown).
As shown in Figure 2 , the survival of the patients was directly associated with the fraction of HA-stained tumour cells (P = 0.0025). In univariate survival analysis of curatively operated stage I or II patients (n = 110), HA expression did not reach statistical significance. When a multivariate analysis of 195 stage IÐIV patients was performed, including several clinical and histological variables (pT, pN, M, size and location of the tumour, vascular, lymphatic and perineural invasion, TIL, LaurŽn classification, and the fraction of HA-stained cells and staining intensity in the tumour and in the stroma), the independent predictors of survival were pT [ratio of risk (RR) 2.04, 95% confidence interval (CI) Mean fraction of HA-stained tumour cells is 32% (SD 29%) 
DISCUSSION
The purpose of the present study was to investigate HA expression in different types and stages of gastric adenocarcinoma and to reveal possible associations with malignant behaviour of the tumours. The results indicate that HA is expressed in the neoplastic epithelial cells of most gastric carcinomas (93%), irrespective of the tumour type. The expression of HA was more extensive in advanced cases with deep penetration of the tumour cells in the gastric wall and with nodal metastasis, features known to be associated with poor differentiation grade (SetŠlŠ et al, 1996) . The frequent abnormal expression of HA in advanced gastric cancer is comparable to the expression of several other molecular abnormalities because the overexpression of growth factor TGF-β and amplification of cerbB-2, K-sam and c-met are also often encountered in advanced cases (Tahara, 1995) . In addition, the expression of the epithelial isoform CD44E, containing products of exons v8Ðv10, or variant CD44, containing v5, has been reported to be significantly associated with deep invasion, nodal metastasis, and lymphatic and vascular invasion (MŸller et al, 1997; Rudzki and Jothy, 1997) , whereas the expression of CD44v6 is associated with the extent of the disease in the diffuse-type tumours only (Hong et al, 1995) . The current finding that invasion into deeper layers of the gastric wall and to lymphatic structures is frequent in tumours rich in hyaluronan may be explained by the capability of some tumour cells to stimulate HA production in host fibroblasts, causing separation of collagen layers and allowing cell migration and invasion (Knudson et al, 1984) . In addition, the cells expressing high levels of HA are easily detached from the primary tumour and may form tumour emboli, enhancing the formation of distant metastases (Catterall et al, 1995) . Moreover, the angiogenic effect of HA oligosaccharides (Liu et al, 1996) may significantly enhance cancer growth through tumour neovascularization, an important predictor of disease outcome in gastric cancer (Maeda et al, 1995; Tanigawa et al, 1996) .
Significant differences have been reported in the expression of adhesion molecules between the two main types of gastric cancer. The expression of CD44 isoforms containing exons v5 and v6 is more frequent in the intestinal type of cancer (Rudzki and Jothy, 1997) , whereas the gene mutations of another adhesion molecule E-cadherin are more prevalent in the diffuse-type cancer (Streit et al, 1996) . The above findings seem to be reasonable because the diffuse-type cancer typically invades the gastric wall with single cells or small clusters of cells, whereas the intestinal type is more cohesive in nature (LaurŽn, 1965) . We also hypothesized that we would find more significant differences in the HA expression between the two main types, but failed to do so. The mechanisms behind the different modes of invasion obviously need to be further investigated.
The reports on the relation between HA expression and survival in adenocarcinomas are few so far. However, a recent study by Ropponen et al (1998) found that HA intensity in tumour epithelium was an independent predictor of survival in local colonic adenocarcinoma, concluding that HA may have clinical importance as a prognostic factor in colon cancer. In gastric cancer, some factors of tumour cell adhesion have been proposed to be significant predictors of the disease outcome. The expression of standard CD44 (CD44s) and isoforms containing exons v5 and v9 has been associated with tumour recurrence and high mortality (Mayer et al, 1993; MŸller et al, 1997) , which is in line with our findings of HA. However, further studies are needed to confirm the impact of abnormal HA expression on survival.
In conclusion, the present study indicates that hyaluronan is expressed in most gastric cancers. Strong HA-expression is significantly related to advanced tumour spread and short survival. From the clinical point of view, the depth of invasion and nodal status remain the most important independent predictors of survival in gastric cancer. However, the present data provide further support to the idea that hyaluronan is one of the key molecules involved in the invasive growth of adenocarcinomas.
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